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OLPLWDWLRQV RQ WKH SRZHU VXSSO\ WUDQVPLVVLRQ EDQGZLGWK DQG SURFHVVLQJ FDSDELOLW\ HIILFLHQW URXWLQJ EHFRPHV D
FUXFLDO LVVXH LQ ZLUHOHVV VHQVRU QHWZRUN 5RXWLQJ SURWRFROV >@ LQ :61 DUH UHVSRQVLEOH IRU GLVFRYHULQJ DQG
PDLQWDLQLQJHQHUJ\HIILFLHQWURXWHVLQRUGHUWRPDNHFRPPXQLFDWLRQUHOLDEOHDQGHIILFLHQW2QWKHEDVLVRIOLWHUDWXUH
UHYLHZRQQHWZRUNVWUXFWXUHEDVHGURXWLQJVFKHPHV:61VURXWLQJSURWRFROVFDQEHGLYLGHGLQWRWKUHHFDWHJRULHV
IODWURXWLQJKLHUDUFKLFDORUFOXVWHUEDVHGURXWLQJDQGORFDWLRQEDVHGURXWLQJ


)LJ6HQVRUQRGHDUFKLWHFWXUHVRXUFH>@
,QIODWQHWZRUNVHDFKQRGHSOD\VWKHVDPHUROHDQGQRGHVZRUNWRJHWKHUWRSHUIRUPWKHVHQVLQJWDVN>@)ODWURXWLQJ
SURWRFROV >@ DUH TXLWH HIIHFWLYH LQ VPDOO VFDOH QHWZRUNV +RZHYHU WKH\ DUH IDLUO\ XQGHVLUDEOH LQ ODUJH VFDOH
QHWZRUNVEHFDXVHRI UHVRXUFHV OLPLWDWLRQ ,QKLHUDUFKLFDO URXWLQJQRGHVH[HFXWHGLVVLPLODU WDVNVDQGDUH W\SLFDOO\
JURXSHGLQWRFOXVWHUVEDVHGRQVSHFLILFUHTXLUHPHQWV7KLVPHDQVWKDWFUHDWLRQRIFOXVWHUVDQGDVVLJQLQJVSHFLILFWDVN
WR FOXVWHU KHDGV &+V FDQ VLJQLILFDQWO\ FRQWULEXWH WR VFDODELOLW\ OLIHWLPH DQG HQHUJ\ HIILFLHQF\ ,Q WKLV SDSHU
DXWKRUVSUHVHQWDQDPSOHVXUYH\RIYDULRXVFOXVWHUEDVHGURXWLQJSURWRFROVSURSRVHGLQUHFHQW\HDUV7KHUHVWRIWKH
SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ  GHVFULEHV WKH URXWLQJ SURWRFROV LQZLUHOHVV VHQVRU QHWZRUNV 6HFWLRQ 
GHVFULEH WKH FOXVWHU EDVHG URXWLQJ SURWRFROV 6HFWLRQ  FRPSDUH WKH GLIIHUHQW FOXVWHU EDVHG URXWLQJ SURWRFROV LQ
:616RPHRSHQLVVXHVDUHGLVFXVVHGLQVHFWLRQDQGVHFWLRQFRQFOXGHVWKHSDSHU

5RXWLQJ3URWRFROVLQ:LUHOHVV6HQVRU1HWZRUNV

5RXWLQJLVDPHWKRGWRILQGRXWDSDWKEHWZHHQWKHVRXUFHQRGHDQGWKHGHVWLQDWLRQQRGH>@5RXWLQJLQ:61LV
UHDOO\ FKDOOHQJLQJ GXH WR WKH LQWULQVLF FKDUDFWHULVWLFV WKDW GLIIHUHQWLDWH WKHVH QHWZRUNV IURP RWKHU QHWZRUNV 7KH
GHVLJQ RI URXWLQJ SURWRFROV LQ:61V LV DIIHFWHG E\ VHYHUDO H[LJHQW IDFWRUV 7KH HIILFLHQW FRPPXQLFDWLRQ FDQ EH
DFKLHYHGLQ:61VE\RYHUFRPLQJWKHVHIDFWRUV

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2.1. Design Challenges of Routing Protocols in WSNs   

5RXWLQJ SURWRFROV >@ LQ:61V DUH UHVSRQVLEOH IRU GLVFRYHULQJ DQGPDLQWDLQLQJ HQHUJ\ HIILFLHQW URXWHV LQ WKH
QHWZRUNVLQRUGHUWRPDNHFRPPXQLFDWLRQUHOLDEOHDQGHIILFLHQW'XHWRWKHOLPLWDWLRQVLQWKHNLQGRIQHWZRUNWKH
PDLQ DLPRI URXWLQJ SURWRFRO GHVLJQ LV H[WHQGLQJ WKH QHWZRUN OLIH WLPH E\ NHHSLQJ WKH VHQVRUV DOLYH DVPXFK DV
SRVVLEOH7KLVLVVXHUHVXOWVLQNHHSLQJWKHQHWZRUNFRQQHFWHGIRUDORQJSHULRGRIWLPH7KHUHDUHVRPHFKDOOHQJLQJ
IDFWRUVZKLFKDUHLPSRUWDQWLQGHVLJQLQJURXWLQJSURWRFROV7KHVHDUHJLYHQDV

2.1.1. Node deployment: 'HSOR\PHQW LV YHU\ DSSOLFDWLRQ GHSHQGHQW DQG DIIHFWV WKH SHUIRUPDQFH RI WKH URXWLQJ
SURWRFROV ,W FDQEHPDQXDO RU UDQGRPL]HG >@ ,Q WKH ILUVW VWUDWHJ\ WKH QRGHV DUHPDQXDOO\ SODFHG DQGGDWD LV
URXWHGWKURXJKSUHGHVWLQHGSDWKV,QPDQXDOGHSOR\PHQWFRYHUDJHRIDUHDLVVDWLVILHGZLWKFDUHIXOFKRLFHRIQRGH
GHQVLW\$OWKRXJKWKLVLVJRRGFKRLFHZKHQQRGHVDUHFRVWO\DQGWKHLURSHUDWLRQVDUHLQIOXHQFHGE\WKHLUORFDWLRQVLW
LV QRW JRRG IRU KDUVK HQYLURQPHQWV >@  2Q WKH RWKHU KDQG LQ UDQGRP GHSOR\PHQW WKH QRGHV DUH VFDWWHUHG
DUELWUDULO\,IWKHDSSOLFDWLRQLVUHODWHGWRHYHQWGHWHFWLRQWKHQLWLVHIILFLHQWWRKDYHDUDQGRPQRGHGHSOR\PHQWWR
JHWHIIHFWLYHUHVXOWV>@

2.1.2. Energy consumption:7KHPDLQDLPRIURXWLQJSURWRFROVLVWRFRQYH\GDWDDPRQJVHQVRUVDQGVLQNLQHIILFLHQW
PDQQHU (DFK VHQVRU QRGH FRQVXPHV HQHUJ\ LQ VHQVLQJ SURFHVVLQJ UHFHLYLQJ DQG WUDQVPLWWLQJ LQIRUPDWLRQ >@
$PRQJWKHVHGDWDWUDQVPLVVLRQLVWKHPRVWHQHUJ\FRQVXPLQJWDVN>@6LQFHWKHVHQVRUQRGHVKDYHOLPLWHGHQHUJ\
UHVRXUFHV HQHUJ\ GHSOHWLRQ RI VRPH QRGHV UHVXOWV LQ JUHDW WRSRORJ\ DQG QHWZRUN FRQQHFWLYLW\ FKDQJHV
UHRUJDQL]DWLRQ RI QHWZRUN DQG ILQGLQJ QHZ URXWHV 6R WKHUH LV D QHHG WR GHVLJQ URXWLQJ SURWRFROV WKDW FDQ
DFFRPPRGDWHWKHWUDGHRIIEHWZHHQHQHUJ\RSWLPL]DWLRQDQGDFFXUDF\>@

2.1.3. Nature of node:,Q:61WKHQRGHVWKDWDUHVFDWWHUHGRYHUWKHHQYLURQPHQWVFDQEHHLWKHUKRPRJHQHRXVRU
KHWHURJHQHRXV +RPRJHQHRXV QRGHV KDYH WKH VDPH FDSDELOLWLHV VXFK DV UDQJH RI WUDQVPLVVLRQ EDWWHU\ OLIH DQG
SURFHVVLQJ FDSDFLW\ ZKLOH KHWHURJHQHRXV QRGHV KDYH GLIIHUHQW FDSDELOLWLHV >@ 7KH PDMRULW\ RI WKH QHWZRUN
DUFKLWHFWXUHDVVXPHVWKDWWKHVHQVRUQRGHVDUHVWDWLRQDU\+RZHYHUPRELOLW\RIEDVHVWDWLRQVDVZHOODVRIQRGHVLV
QHFHVVDU\LQVHYHUDODSSOLFDWLRQV>@

2.1.4. Coverage:  ,Q:61VHDFKQRGHSUHYDLOV D FHUWDLQYLHZRI WKHHQYLURQPHQW$JLYHQ VHQVRU¶VYLHZRI WKH
HQYLURQPHQWLVOLPLWHGERWKLQUDQJHDQGLQDFFXUDF\+HQFHFRYHUDJHDUHDLVHVVHQWLDOGHVLJQLVVXH>@

2.1.5. Scalability:7KHQXPEHURIQRGHVGHSOR\HGLQWKHILHOGPD\EHYDULDEOHLHIHZQXPEHUVWRIHZWKRXVDQGV
7KH URXWLQJSURWRFRO EH UHTXLUHG WREH DEOH WRZRUNZLWKPDVVLYH DPRXQW RI QRGHV >@:KHQ WKH QXPEHURI
QRGHVLVH[WHQVLYHLWLVLQIHDVLEOHWKDWHDFKQRGHPDLQWDLQDJOREDONQRZOHGJHRIQHWZRUNWRSRORJ\

2.1.6. Quality of service (QoS):7KHURXWLQJSURWRFROVVKRXOGEHDEOHWRSURYLGHFHUWDLQOHYHORI4R6WKDWLVUHTXLUHG
E\WKHDSSOLFDWLRQ7KH4R6SDUDPHWHUVFDQEHEDQGZLGWKGHOLYHU\GHOD\WKURXJKSXWMLWWHUHWF>@)RULQVWDQFH
WDUJHW GHWHFWLRQ DQG WUDFNLQJ DSSOLFDWLRQV UHTXLUHV ORZ WUDQVPLVVLRQ GHOD\ IRU WKH WLPH VHQVLWLYH GDWD :KLOH
PXOWLPHGLDQHWZRUNVUHTXLUHVKLJKWKURXJKSXW>@

2.1.7. Application:7KHURXWLQJSURWRFROVDUHYHU\DSSOLFDWLRQVSHFLILF,QRWKHUZRUGVGLIIHUHQWVFHQDULRRUQHWZRUN
HQYLURQPHQWV QHHG GLIIHUHQW URXWLQJ SURWRFROV )URP WKH DSSOLFDWLRQ¶V YLHZSRLQW GDWD FDQ EH FROOHFWHG IURP WKH
HQYLURQPHQWXVLQJYDULRXVPHWKRGVVXFKDV WLPHGULYHQHYHQWGULYHQDQGTXHU\GULYHQPHWKRGV ,Q WLPHGULYHQ
PHWKRGV WKHVHQVRUQRGHVVHQGWKHLUGDWDSHULRGLFDOO\ WR%6RU*DWHZD\V,QHYHQWGULYHQPHWKRGVVHQVRUQRGHV
UHSRUWWKHFROOHFWHGGDWDZKHQWKHHYHQWRFFXUV(YHQWXDOO\LQTXHU\GULYHQPHWKRGVWKH%6UHTXHVWWKHGDWDIURP
WKHQRGHVDQGVHQGDTXHU\>@

2.2. Classification of Routing Protocols in WSNs   
 
,Q:61VWKHQHWZRUNOD\HULVXVHGWRLPSOHPHQWWKHURXWLQJRILQFRPLQJGDWD,QPXOWLKRSQHWZRUNVWKHVRXUFH
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QRGH FDQQRW UHDFK WKH VLQN GLUHFWO\ 6R LQWHUPHGLDWH QRGHV KDYH WR UHOD\ WKHLU SDFNHWV 7KH LPSOHPHQWDWLRQ RI
URXWLQJWDEOHVJLYHVWKHVROXWLRQ:61URXWLQJSURWRFROVFDQEHFODVVLILHGLQWRILYHZD\VDFFRUGLQJWRWKHZD\RI
HVWDEOLVKLQJWKHURXWLQJSDWKVDFFRUGLQJWRWKHQHWZRUNVWUXFWXUHDFFRUGLQJWRWKHSURWRFRORSHUDWLRQDFFRUGLQJWR
WKHLQLWLDWRURIFRPPXQLFDWLRQVDQGDFFRUGLQJWRKRZDSURWRFROVHOHFWVDQH[WKRSRQURXWHRIIRUZDUGHGPHVVDJH
7KHWD[RQRP\RIURXWLQJSURWRFROVLVVKRZQLQILJXUH



)LJ7D[RQRP\RIURXWLQJSURWRFROVLQ:61V

7KHQHWZRUNVWUXFWXUHEDVHGURXWLQJSURWRFROVDUHFDWHJRUL]HGDVIODWEDVHGKLHUDUFKDOEDVHGFOXVWHUEDVHGDQG
ORFDWLRQEDVHGURXWLQJSURWRFROV,QIODWEDVHGURXWLQJHYHU\VHQVRUQRGHSOD\VVDPHUROH:KLOHLQKLHUDUFKDOEDVHG
URXWLQJ VHQVRU QRGHV KDYH GLIIHUHQW UROHV 6RZKHQ QHWZRUN VFDODELOLW\ DQG HIILFLHQW FRPPXQLFDWLRQ LV QHHGHG
KLHUDUFKDORUFOXVWHUEDVHGURXWLQJLVWKHEHVWFKRLFH

&OXVWHU%DVHG5RXWLQJ3URWRFROVLQ:LUHOHVV6HQVRU1HWZRUNV

7KH FOXVWHU EDVHG URXWLQJ >@ LV HQHUJ\ HIILFLHQW PHWKRG LQ ZKLFK QRGHV WKRVH KDYLQJ KLJK HQHUJLHV DUH
DUELWUDULO\VHOHFWHGIRUSURFHVVLQJDQGVHQGLQJGDWDZKLOHQRGHVWKRVHKDYLQJORZHQHUJLHVDUHXVHGIRUVHQVLQJDQG
VHQGLQJLQIRUPDWLRQWRWKHFOXVWHUKHDGV&+V7KLVSURSHUW\RIFOXVWHUEDVHGURXWLQJFRQWULEXWHVWRWKHVFDODELOLW\
OLIHWLPH PD[LPL]DWLRQ DQG HQHUJ\ PLQLPL]DWLRQ 7KH FOXVWHU EDVHG URXWLQJ SURWRFROV SOD\V D SLYRWDO UROH LQ
DFKLHYLQJDSSOLFDWLRQVSHFLILFJRDOV>@7KHFOXVWHUEDVHGURXWLQJSURWRFROVDUHFODVVLILHG LQWR WKUHHEURDG
FDWHJRULHV EORFN FOXVWHU EDVHG JULG FOXVWHU EDVHG DQG FKDLQ FOXVWHU EDVHG URXWLQJ SURWRFROV 7KH WD[RQRP\ RI
FOXVWHUEDVHGURXWLQJSURWRFROVLVVKRZQLQILJXUH




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
)LJ7D[RQRP\RIFOXVWHUEDVHGURXWLQJSURWRFROVLQ:61V
7KHSRSXODUEORFNFOXVWHUEDVHGURXWLQJSURWRFROVDUH/($&++(('8&6((&6&&07((1/($&+9)HWF
DVVKRZQLQILJXUH7KHPHULWVDQGOLPLWDWLRQVRIEORFNFOXVWHUEDVHGURXWLQJSURWRFROVDUHJLYHQLQWDEOH7KH
SRSXODUJULGFOXVWHUEDVHGURXWLQJSURWRFROVDUH3$1(/*$)77''6/*&HWFDVVKRZQLQILJXUH7KHPHULWV
DQGOLPLWDWLRQVRIJULGFOXVWHUEDVHGURXWLQJSURWRFROVDUHJLYHQLQWDEOH7KHSRSXODUFKDLQFOXVWHUEDVHGURXWLQJ
SURWRFROVDUH3(*$6,6&&676&HWFDVVKRZQLQILJXUH7KHPHULWVDQGOLPLWDWLRQVRIWKHVHSURWRFROVDUHJLYHQ
LQWDEOH
7DEOH6XPPDU\RIPHULWVDQGOLPLWDWLRQVRIEORFNFOXVWHUEDVHGURXWLQJSURWRFROV
$OJRULWKP 0HULWV /LPLWDWLRQV
/($&+>@

x(DFKQRGHKDVHTXDOFKDQFHWREHFRPHFOXVWHUKHDGEXWFDQQRW
EHVHOHFWHGDVFOXVWHUKHDGLQVXEVHTXHQWURXQGVRORDGLV
VKDUHGEHWZHHQQRGHV
x/($&+XVHV7'0$VRLWNHHSV&+VIURPXQQHFHVVDU\
FROOLVLRQV
x/($&+XVHVLQJOHKRSFRPPXQLFDWLRQVRLWFDQQRWXVHGLQ
ODUJHVFDOHQHWZRUNV
x&+VDUHHOHFWHGRQWKHEDVLVRISUREDELOLW\VRXQLIRUP
GLVWULEXWLRQFDQQRWEHHQVXUHGDQGLWFDQQRWSURYLGHORDG
EDODQFLQJ
+(('>@ x)XOO\GLVWULEXWHGURXWLQJVFKHPH x8QEDODQFHG(QHUJ\FRQVXPSWLRQGXHWRPRUH&+
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x+(('DFKLHYHVORDGEDODQFLQJDQGXQLIRUP&+GLVWULEXWLRQ
x+(('DFKLHYHKLJKHQHUJ\HIILFLHQF\DQGVFDODELOLW\E\
FRPPXQLFDWLQJLQPXOWLKRSZD\
JHQHUDWLRQ
x0DVVLYHRYHUKHDGGXHWRPXOWLSOHURXQGV
x$GGLWLRQDORYHUKHDGGXHWRVHYHUDOHSRFKV
8&6>@ x1RGHVLQFOXVWHUFDQEHYDULDEOH
x8&6LVELOD\HUHGPRGHODQGWZRKRSLQWHUFOXVWHU
FRPPXQLFDWLRQ
x,WLVOLPLWHGE\DVVXPSWLRQVWKDW&+VDUHSUHGHWHUPLQHGDV
ZHOODVQHWZRUNLVQRWKRPRJHQHRXV
x5HVLGXDOHQHUJ\RIQRGHLVQRWFRQVLGHUHGDQGQRWVXIILFLHQW
IRUODUJHUDQJHQHWZRUNV
((&6>@ x((&6FRQVWUXFWVPRUHEDODQFHGQHWZRUNLQWHUPRIHQHUJ\
FRQVXPSWLRQDQGFRPPXQLFDWLRQORDG
x8VHG\QDPLFVL]LQJRIFOXVWHUV
x/RWRIRYHUKHDGGXHWRJOREDOLQIRUPDWLRQIRU
FRPPXQLFDWLRQ
x6LQJOHKRSFRPPXQLFDWLRQFRQVXPHORWRIHQHUJ\
&&0>@ x/HVVHQHUJ\FRQVXPSWLRQFRPSDUHGZLWK/($&+

x&KDLQKHDGVHOHFWLRQFULWHULRQ
/($&+9)
>@
x6ROYHWKHSUREOHPRIDUHDZLWKRYHUODSSHGVHQVLQJFRYHUDJHDQG
VHQVLQJKROH
x,Q/($&+9)VRPHQRGHVFDQEHPRYHGWRFRYHUDJHLQVLGHWKH
FOXVWHUDUH
x3RRUHQHUJ\HIILFLHQF\
x/RDGEDODQFLQJLVQRWXSWRWKHPDUN
7((1>@ x'DWDWUDQVPLVVLRQFDQEHFRQWUROOHGE\YDU\LQJWZRWKUHVKROGV
x:HOOVXLWHGIRUWLPHFULWLFDODSSOLFDWLRQV
x:KHQHYHU WKUHVKROGV DUH QRW PHHW WKH QRGH ZLOO QRW
FRPPXQLFDWH
x'DWDPD\EHORVWLI&+VDUHQRWDEOHWRFRPPXQLFDWHZLWK
HDFKRWKHU
7DEOH6XPPDU\RIPHULWVDQGOLPLWDWLRQVRIJULGFOXVWHUEDVHGURXWLQJSURWRFROV
$OJRULWKP 0HULWV /LPLWDWLRQV
3$1(/
>@
x3$1(/LVHQHUJ\HIILFLHQWWKDWHQVXUHORDGEDODQFLQJDQGORQJ
QHWZRUNOLIHWLPH
x6XSSRUWVDV\QFKURQRXVDSSOLFDWLRQV
x &OXVWHUVDUHSUHGHWHUPLQHG
x7RGHWHUPLQHJHRJUDSKLFSRVLWLRQLQIRUPDWLRQVSHFLDO
FRQGLWLRQVDUHQHHGHGZKLFKLVQRWDOZD\VDYDLODEOH
*$)>@ x*$)LQFUHDVHWKHQHWZRUNOLIHWLPHE\VDYLQJHQHUJ\
x5RXWLQJILGHOLW\LVPDLQWDLQHG
x /DUJHWUDIILFLQMHFWLRQDQGGHOD\LVQRWSUHGLFWDEOH
77''
>@
x5HVROYHWKHQXPHURXVPRELOHVLQNVDQGPRYLQJSUREOHPRIVLQNLQ
ODUJHVFDOH:61V
x6XLWDEOHWRHYHQWGHWHFWLQJ:61VDPRQJLUUHJXODUGDWDWUDIILF
x/DUJHODWHQF\
x/RZHQHUJ\HIILFLHQF\
x77''UHTXLUHVHQVRUQRGHVWREHVWDWLRQDU\DQGORFDWLRQ
DZDUH
6/*&
>@
x/RZHUHQHUJ\FRQVXPSWLRQLQ6/*&FRPSDUHGWR/($&+ x/DUJHRYHUKHDGGXHWRFRPSOH[GDWDFRPPXQLFDWLRQ






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7DEOH6XPPDU\RIPHULWVDQGOLPLWDWLRQVRIFKDLQFOXVWHUEDVHGURXWLQJSURWRFROV
$OJRULWKP 0HULWV /LPLWDWLRQV
3(*$6,6
>@
x(QHUJ\ORDGLVGLVWULEXWHGXQLIRUPO\
x5HGXFHRYHUKHDGGXHWRG\QDPLFFOXVWHUIRUPDWLRQ
x'HFUHDVHQXPEHURIGDWDWUDQVPLVVLRQ
x/RQJGHOD\VFDXVHDQRGHWREHFRPHERWWOHQHFN
x1HWZRUNLVQRWYHU\VFDODEOH
x1RWVXLWDEOHIRUWLPHYDU\LQJWRSRORJLHV
&&6>@ x(QHUJ\FRQVXPSWLRQLVUHGXFHG
x5HGXFHGGDWDIORZIURP%6LQ&&6
x8QEDODQFHGHQHUJ\FRQVXPSWLRQ
x/DUJHGHOD\GXHWRORQJFKDLQ
76&>@ x76&UHGXFHVUHGXQGDQWGDWDWUDQVPLVVLRQLQQHWZRUNE\EUHDNLQJ
ORQJFKDLQVLQWRVPDOOHUFKDLQV
x1RGHGLVWULEXWLRQLQXQEDODQFHG


&RPSDULVRQ

7DEOH  VXPPDUL]HV WKH FRPSDULVRQ EHWZHHQ SRSXODU FOXVWHU EDVHG URXWLQJ SURWRFROV RQ WKH EDVLV RI HQHUJ\
HIILFLHQF\GHOLYHU\GHOD\FOXVWHUVWDELOLW\ORDGEDODQFLQJDQGDOJRULWKPLFFRPSOH[LW\
7DEOH&RPSDULVRQEHWZHHQSRSXODUFOXVWHUVEDVHGURXWLQJSURWRFROV
6FKHPH1DPH (QHUJ\
(IILFLHQF\
'HOLYHU\'HOD\ &OXVWHU6WDELOLW\ 6FDODELOLW\ /RDG%DODQFLQJ $OJRULWKP
&RPSOH[LW\

/($&+ 9HU\ORZ 9HU\VPDOO 0HGLXP 9HU\ORZ 0HGLXP /RZ

+((' 0HGLXP 0HGLXP +LJK 0HGLXP 0HGLXP 0HGLXP

8&6 9HU\ORZ 6PDOO +LJK /RZ %DG 0HGLXP

((&6 0HGLXP 6PDOO +LJK /RZ 0HGLXP 9HU\KLJK

&&0 9HU\ORZ 6PDOO +LJK 9HU\ORZ 0HGLXP 0HGLXP

/(&+9) 0HGLXP 6PDOO +LJK 9HU\ORZ 0HGLXP 0HGLXP

7((1 9HU\KLJK 6PDOO +LJK /RZ *RRG +LJK

*$) 0HGLXP 9HU\VPDOO 0HGLXP +LJK 0HGLXP 0HGLXP

3$1(/ 0HGLXP 0HGLXP /RZ /RZ *RRG +LJK

77'' 9HU\ORZ 9HU\ODUJH 9HU\KLJK /RZ *RRG /RZ
6/*& 0HGLXP 9HU\VPDOO 0HGLXP 9HU\ORZ 0HGLXP 0HGLXP

3(*$6,6 /RZ 9HU\ODUJH /RZ 9HU\ORZ 0HGLXP +LJK

&&6 /RZ /DUJH /RZ /RZ 9HU\EDG 0HGLXP

76& 0HGLXP 0HGLXP 0HGLXP 0HGLXP %DG 0HGLXP
      

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,VVXHVLQ&OXVWHU%DVHG5RXWLQJ3URWRFROV

7KH PXFK UHVHDUFK ZRUN KDV EHHQ GRQH WR TXHU\ WKH GUDZEDFNV  RI FOXVWHULQJ WHFKQLTXHV DQG WR LPSURYH WKH
LQGLYLGXDOLW\RIFOXVWHUEDVHGURXWLQJPHWKRGVEXWWKHUHDUHVWLOOVHYHUDOLVVXHVWREHDGGUHVVHGIRUWKHHIILFLHQWXVHRI
FOXVWHUEDVHGURXWLQJWHFKQLTXHV>@7KHVRPHRSHQLVVXHVQHHGWREHDGGUHVVHGDUH

¾ Calculation and selection of cluster heads (CHs):&+LVXWLOLW\RIFRPSXWDWLRQDQGFRPPXQLFDWLRQHQHUJ\
PRGHOIRUWKHFOXVWHULQJVFKHPHV,IWKHPXOWLKRSVFKHPHLVXVHGWKHQ&+VFRXQWVXSSRVHGWREHUHYLVHG
7KHSHUIRUPDQFHDQGDYDLODELOLW\RIDGMDFHQW&+VLVDQLPSRUWDQWIDFWRUIRUUHOD\LQJWKHGDWDRIFOXVWHUV
&RQVHTXHQWO\&+UROHLQURWDWLRQRIDGMDFHQWFOXVWHUVPXVWEHFRQVLGHUHGDVGRPLQDQWIDFWRULQVHOHFWLRQ
SURFHVVRI&+

¾ Scalability: ,QD IHZ ODUJHVFDOHGHSOR\PHQWV LW LVXVXDOO\GHVLUDEOH WRHQODUJH WKHPRQLWRULQJDUHDDPLG
QHZ QRGHV 6R FDUHIXO REVHUYDWLRQV DUH UHTXLUHG WR FKHFN WKH DGDSWDELOLW\ DQG VFDODELOLW\ RI FOXVWHULQJ
WHFKQLTXHV

¾ Topology of network:7RSRORJ\FKDQJHVRZHGWRWHUULWRULDOFLUFXPVWDQFHVLQUHDOL]DWLRQRI:61V6RLWLV
LPSRUWDQWWRIRFXVRQWKHVWUHQJWKRIFOXVWHULQJPHWKRGV

¾  Fault tolerance:7UDQVLHQWIDXOWPDQDJHPHQWRZHGWRWHPSRUDOOLQNIDLOXUHVGHVLUHVPXFKPRUHDWWHQWLRQ

¾ Redundancy management:0LQLPL]LQJWKHXVHRIPDVVLYHO\UHGXQGDQWQRGHVIRUEXLOGLQJWUXVWZRUWK\DQG
SURILFLHQWUHOD\EDFNERQH7KHFRPELQHGGDWDRI&+VUHOD\HGWR%6PXVWEHLQYHVWLJDWHGIXUWKHU

&RQFOXVLRQ
:LUHOHVVVHQVRUQHWZRUNVKDYHIDVFLQDWHGPXFKFRQFHUQIRUERWKFLYLODQGPLOLWDU\DSSOLFDWLRQV([DPSOHVFRQVLVWRI
HQYLURQPHQWDO PRQLWRULQJ ERUGHU SURWHFWLRQ EDWWOHILHOG DQG VHFXULW\ VXUYHLOODQFH ,Q WKHVH DSSOLFDWLRQV D KXJH
QXPEHU RI VHQVRUV DUH QHHGHG UHTXLULQJ FDUHIXO DUFKLWHFWXUH DQG QHWZRUN PDQDJHPHQW 7R VXSSRUW VFDODELOLW\
JURXSLQJQRGHVLQWRFOXVWHUVKDVEHHQSRSXODUPHWKRGLQ:61V,QWKLVZRUNZHVXUYH\HGWKHVWDWXVRIUHVHDUFKDQG
FODVVLILHGWKHGLIIHUHQWFOXVWHULQJPHWKRGV7KLVSDSHUFODVVLILHVWKHWD[RQRP\RIFOXVWHUEDVHGURXWLQJSURWRFROV,Q
WKLVZRUNZHIRFXVRQWKHPHULWVDQGOLPLWDWLRQVRIGLIIHUHQWFOXVWHUEDVHGURXWLQJSURWRFROVDQGUHSUHVHQWWKHPLQ
WDEXODUIRUP2QWKHEDVLVRIFRPSDULVRQEHWZHHQGLIIHUHQWVFKHPHVLWLVFOHDUWKDWFOXVWHUEDVHGURXWLQJSURWRFROV
DUHXVHIXOLQSHUIRUPDQFHLPSURYHPHQWRIZLUHOHVVVHQVRUQHWZRUNV7KLVSDSHUZLOOEHYHU\XVHIXOIRUWKHUHVHDUFK
JURXSWKRVHDUHLQWHUHVWHGLQWKHGHYHORSPHQWPRGLILFDWLRQRURSWLPL]DWLRQRIURXWLQJDOJRULWKPVIRU:61V

$FNQRZOHGJHPHQW
7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH PLQLVWU\ RI KXPDQ UHVRXUFH DQG GHYHORSPHQW 0+5' IRU SURYLGLQJ
ILQDQFLDOVXSSRUWIRUWKLVZRUNXQGHUUHVHDUFKVFKRODU¶VJUDQW

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